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Abstract
Caffeine is a central nervous system stimulant that increases
one’s metabolic rate, alertness and motivation upon consumption.
Consumer curiosity sparked the investigation of the caffeine content found in locally brewed Blackbird Coffee. A procedure involving liquid-liquid extraction with dichloromethane was developed to
determine the amount of caffeine in store-bought, brewed caffeinated and decaffeinated coffee. The caffeine amounts recovered were
reproducible, thus the method was proved reliable and was implemented for the extraction of caffeine from Blackbird decaffeinated
coffee. A single serving was determined to contain an average of 39
± 12 mg of caffeine which is approximately 20% of the content in a
small cup of regular caffeinated Blackbird coffee.
Introduction
Caffeine (Figure 1) is an aromatic compound that can be
found in several natural sources such as coffee beans and tea leaves.
Once ingested, caffeine acts as a central nervous system stimulant
by binding to adenosine receptors and exhibiting an antagonistic effect.1 Adenosine is a neuromodulator that causes the brain’s
neural activity to slow down and initiates sleep. Thus, when caffeine
binds to adenosine receptors, it blocks any potential binding of the
neuromodulator and leads to an increase in neural activity. The
resulting “energy-boosting” side effects have led caffeine to become
the most popular and widely consumed drug in the world.2
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Figure 1. Chemical Structure of Caffeine
Caffeine content is known to be extremely variable even
within individual coffee beans.3 A previous study showed that coffee bean weight and caffeine content are independent of each other.
It is difficult to regulate caffeine levels since all analytical methods
known make the coffee beans unusable. Furthermore, roasting and
brewing processes contribute to variation of caffeine levels. Due to
the variability and uncertainty of caffeine content, this information
is not available to consumers. Though it is considered a safe drug
and does not require regulation, excessive intake can lead to caffeine intoxication and in rare cases, death.4
A more common concern surrounds the misconception
that decaffeinated coffee does not contain caffeine. Caffeine is always present in residual amounts, and it has been found that some
coffee beans may still contain up to 20% of their original content
after the decaffeination process.5 A portion of those who consume
decaffeinated coffee are medically ordered to limit or remove caffeine from their diets because caffeine is known to have negative
interactions with certain prescription medications, such as bronchodilators and anti-anxiety medications.6 It is necessary for these
consumers to be aware that decaffeinated coffee contains caffeine
and that consuming multiple servings could equate to the same
amount of caffeine in a single cup of caffeinated coffee.
Liquid-liquid extraction methods can be used for the determination of caffeine content. Caffeine is a polar organic molecule
and is soluble in both water and the organic solvent, dichloromethane. Solubility is based on the principle “like dissolves like”,
meaning compounds with similar intermolecular forces will readily
13
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dissolve in one another. Water and caffeine are similar in that they
both exhibit hydrogen bonding (caffeine is a hydrogen bond acceptor), thus caffeine will dissolve in water. Although similar to water,
the polarity of caffeine is more similar to that of dichloromethane,
since caffeine is an organic molecule. Thus, when the organic solvent is added to the aqueous coffee layer, the caffeine is easily extracted into the organic layer.7 Addition of a basic sodium hydroxide (NaOH) wash will remove acidic impurities from the extracted
layers.8 The success of the extraction can be confirmed using proton
Nuclear Magnetic Resonance spectroscopy (1H NMR). This characterization method provides evidence of specific functional groups
at characteristic peaks and provides additional information about
surrounding hydrogen environments. The identity of a compound
can be confirmed if the peaks observed on the 1H NMR spectrum
correlate to the functional groups that comprise the particular compound, and match literature values.
Blackbird Coffee is an independent coffee shop located in
downtown Milledgeville, Ga.9 Local consumers displayed curiosity
about the caffeine content in Blackbird beverages. At Georgia College, a reproducible method for the extraction of caffeine based on
the literature was established and tested.10 The established method
was then used to determine the caffeine content in brewed caffeinated and decaffeinated Blackbird Coffee.
Procedure
The following method for the extraction of caffeine was
developed during previous research by Katie Fredo10 and modified
by Logan Chalmers.
Samples of Starbuck’s Dark Sumatra caffeinated coffee and
Seattle’s best decaffeinated coffee were obtained from a local grocery store. Coffee was brewed using a Mr. Coffee automatic drip
coffeemaker.
Brewing the Coffee
14

Each brand of coffee was prepared according to brewing
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instructions provided on the package:
Starbucks Dark Sumatra caffeinated:4 add 2 Tbs. per 1 cup of water
Seattle’s Best Decaffeinated:5 add 1 Tbs. per ¾ cup of water
Blackbird Decaffeinated Coffee was purchased at Blackbird, and
was prepared via the pour-through method. Approximate volume
of water was 402 mL, although it varied from 380-433 mL.
Extraction of Caffeine from Starbuck’s Dark Sumatra Caffeinated
Coffee
Once the coffee was brewed, 75.0 mL of coffee was placed
in an ice bath* prior to liquid-liquid extraction with three 20.0 mL
portions of dichloromethane. The extract was washed twice with a
10% NaOH solution* (20 mL) to remove remaining impurities and
subsequently dried with anhydrous sodium sulfate. The extracted
caffeine was weighed after the dichloromethane was allowed to
evaporate overnight. The pale yellow solid was dissolved in deuterated chloroform for characterization via 1H NMR spectroscopy.
*Note that an ice bath and 10% sodium hydroxide wash was not
implemented in Trials C2-C3 and a dark brown extract was observed.
Extraction of Caffeine from Seattle’s Best & Blackbird Decaffeinated
Coffee
The previous method was implemented for trials D1-D3,
with a few modifications. Only one wash with 10% NaOH was
performed in order to prevent additional loss of caffeine. Due to
the minimal amount of caffeine obtained during the first trials, the
extraction volume was doubled so that 150 mL of brewed coffee
was used for all subsequent trials with decaffeinated coffee. A single
serving of Blackbird decaffeinated coffee was, on average, 402 mL.
From each serving, two 150 mL extraction trials were performed.
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Results and Discussion

Modification of the Extraction Method

Confirmation of Caffeine

While reproducible, this work showed that the extraction
method developed previously10 could still be improved upon. An
ice bath was implemented prior to the extraction. Dichloromethane
has a boiling point of 39.6 degrees C12 so cooling the freshly brewed
coffee was necessary prior to extraction. In addition, caffeine is less
soluble in water at lower temperatures, so cooling increases the
likelihood of the caffeine leaving the aqueous layer.
The extract from Batch 1 (Starbuck’s Dark Sumatra) had a
dark brown color, suggesting impurities were still present. 1H NMR
spectroscopy (Figure 3) revealed peaks over 0.50-2.5 ppm, confirming the presence of impurities. Coffee beans are comprised of many
different compounds, chlorogenic acids being a significant component.6 It was likely that some of the impurities present were acidic,
thus, the addition of a basic wash would remove the acidic components. The 10% NaOH wash reduced the dark brown color of the
extract to a pale yellow hue, which provided a visual confirmation
of the removal of impurities. 1H NMR spectroscopy (Figure 4) revealed a significantly cleaner spectrum, which provided additional
evidence of success of the NaOH wash.

H NMR revealed that all extractions contained caffeine
with little to no impurities. The literature 1H NMR spectrum of caffeine and the assignments of significant peaks are shown in Figure
2 and Table 1, respectively. The characteristic peaks of caffeine were
observed on each spectrum obtained from the extracted caffeine,
confirming that extraction was successful. Any additional peaks
found in the 1H NMR spectra were considered to be impurities and
their amounts were estimated using integration values. Peaks from
residual 1H NMR solvent and the TMS standard were neglected in
analysis since these were not present in the extracted solid (caffeine).
1

Figure 2. Literature 1H NMR Spectrum of Caffeine 11

Figure 3. 1H NMR Spectrum of caffeine without the 10% NaOH
wash
Table 1. Peak assignment of pure caffeine
16
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Figure 4. 1H NMR spectrum of caffeine with the 10% NaOH wash
Extraction of Caffeine from Store-bought Coffee
The amount of caffeine extracted from store-bought (home
brewed) coffee are reported in Table 2. Data for both caffeinated
and decaffeinated trials are shown. Figure 5 provides a visual representation of the variation between the different trials. Spectra of the
extract without and with the sodium hydroxide wash can be seen in
Figure 3 and Figure 4, respectively. As expected, the extract weights
between the different batches of both caffeinated and decaffeinated
coffee varied significantly. However, the extract weights of the individual trials belonging to the same batch had little to no variation,
indicating the method was reproducible. This strongly suggests that
any variation from batches is the result of the roasting and/or brewing processes, not the extraction method.
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Table 2. Caffeine extraction data from store-bought and home
brewed coffee
Each batch represents one pot of brewed coffee. Trial C1
and C5 were excluded due to experimental error. A 10% NaOH
wash was not implemented for trials C2-C3. All reported trials
included an ice bath.
Note: the data obtained during these trials was used to show
the reproducibility of the experiment and was not used for comparison of caffeine content.
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seen in previous caffeine samples, despite use of a sodium hydroxide wash. Since the amount of caffeine extracted was so much lower
than in the caffeinated coffee extracts, these impurities were more
noticeable. Impurities may give a mass that is slightly higher than
caffeine alone. This means that the values given in this work are a
maximum mass of caffeine where impurities are present. However, since consumers are more likely to be concerned that they are
getting too much caffeine, the information is still useful for our
purposes. Hence, it was better to use only one sodium hydroxide
wash and be sure that all of the caffeine was extracted, than to use
two washes, and potentially lose a greater percent of the caffeine in
the solution.

Figure 5. Visual representation of the caffeine variation in Starbucks
Dark Sumatra (A) and Seattle’s Best (B) and Blackbird Coffee (C).
Each bar represents an individual trial; each cluster represents a
batch.
Blackbird Results and Comparison to Blackbird Caffeinated Coffee
The amount of caffeine extracted from Blackbird decaffeinated coffee is reported in Table 3. As seen previously, the extract
weights of the individual trials belonging to the same batch had
little to no variation, indicating the method was reproducible. The
extract weights ranged from 5.9 to 23 mg, and the average amount
of caffeine extracted from a 150 mL trial was 15 ± 4 mg. A single
serving (size medium, ~ 402 mL) of Blackbird decaffeinated coffee
was found to contain an average of 39 ± 12 mg of caffeine.
1
H NMR spectra of the decaffeinated coffee extracts revealed slight impurities in the same region (0.50-2.5 ppm) as were
20

Table 3. Caffeine extraction data from Blackbird Decaffeinated coffee. Each batch represents a serving of brewed decaffeinated coffee
purchased from Blackbird.
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Since the purpose of this study was consumer knowledge, it
was of interest to compare caffeine amounts in different beverages
from Blackbird. A separate study of the caffeine content in Blackbird caffeinated coffee was conducted by Belinda Schaafsma13 using
the same procedure as the store-bought caffeinated coffee reported
in this work. It was determined that a serving (size small) of Blackbird caffeinated coffee contained approximately 154 mg of caffeine.
Thus, for comparison purposes, the amount reported was converted to reflect an equal serving size (402 mL). The amount of caffeine
in a serving (size medium) of caffeinated and decaffeinated Blackbird coffee are shown in Table 4. According to this data, a person
would need to consume 5 servings of decaffeinated coffee to equate
to the same amount of caffeine in a serving of caffeinated coffee.

Table 4. Caffeine content comparison between Blackbird
Caffeinated and Blackbird decaffeinated coffee.
Conclusion
A successful and reproducible procedure was developed for
the extraction of caffeine from both caffeinated and decaffeinated
coffee. The method was used to determine that an average serving
of Blackbird decaffeinated coffee contains 39 ± 12 mg of caffeine.
In future work, the Cossey research group will use this refined
caffeine extraction method to analyze different roasts of coffee from
Blackbird for comparisons of caffeine content.
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